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57 ABSTRACT

Provided is a method of transmitting ACK/NACK in a TDD-
based wireless communication system. The method includes:
receiving M downlink subframes associated with an uplink
subframe n in each of two serving cells; determining four
candidate resources based on the M downlink subframes
received in each of the two serving cells; and transmitting an
ACK/NACK response for the M downlink subframes by
using one resource selected from the four candidate resources
in the uplink subframe n, wherein the two serving cells
includes a first serving cell and a second serving cell, and
wherein among the four candidate resources, a first resource
and a second resource are associated with a PDSCH or a SPS
release PDCCH for releasing semi-persistent scheduling
received in the first serving cell, and a third resource and a
fourth resources are associated with a PDSCH received in the
second serving cell.
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FIG. 4
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FIG. 5
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FIG. 6
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FIG. 8
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FIG. 9
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METHOD AND APPARATUS FOR
TRANSMITTING ACK/NACK IN A WIRELESS
COMMUNICATION SYSTEM BASED ON TDD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2011/
009529, filed on Dec. 12, 2011, which claims the benefit of
U.S. Provisional Application Ser. No. 61/422,639, filed on
Dec. 13, 2010, U.S. Provisional Application Ser. No. 61/423,
570, filed on Dec. 15,2010, U.S. Provisional Application Ser.
No. 61/425,736, filed on Dec. 21, 2010, and U.S. Provisional
Application Ser. No. 61/433,897, filed on Jan. 18, 2011, the
contents of which are all hereby incorporated by reference
herein in their entirety.

TECHNICAL FIELD

The present invention relates to wireless communications,
and more particularly, to a method and apparatus for trans-
mitting reception acknowledgement for a hybrid automatic
repeat request (HARQ) in a time division duplex (TDD)-
based wireless communication system.

BACKGROUND ART

Long term evolution (LTE) based on 3" generation part-
nership project (3GPP) technical specification (TS) release 8
is a promising next-generation mobile communication stan-
dard.

As disclosed in 3GPP TS 36.211 V8.7.0 (2009-05)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 8)”, a physical
channel of the LTE can be classified into a downlink channel,
i.e., a physical downlink shared channel (PDSCH) and a
physical downlink control channel (PDCCH), and an uplink
channel, i.e., a physical uplink shared channel (PUSCH) and
a physical uplink control channel (PUCCH).

The PUCCH is an uplink control channel used for trans-
mission of an uplink control signal such as a hybrid automatic
repeat request (HARQ) positive-acknowledgement (ACK)/
negative-acknowledgement (NACK) signal, a channel qual-
ity indicator (CQI), and a scheduling request (SR).

Meanwhile, 3GPP LTE-advanced (LTE-A) which is an
evolution of 3GPP LTE is under development. Examples of
techniques employed in the 3GPP LTE-A include carrier
aggregation and multiple input multiple output (MIMO) sup-
porting four or more antenna ports.

The carrier aggregation uses a plurality of component car-
riers. The component carrier is defined with a center fre-
quency and a bandwidth. One downlink component carrier or
a pair of an uplink component carrier and a downlink com-
ponent carrier is mapped to one cell. When a user equipment
receives a service by using a plurality of downlink component
carriers, it can be said that the user equipment receives the
service from a plurality of serving cells.

A time division duplex (TDD) system uses the same fre-
quency in downlink and uplink cases. Therefore, one or more
downlink subframes are associated with an uplink subframe.
The “association’ implies that transmission/reception in the
downlink subframe is associated with transmission/reception
in the uplink subframe. For example, when a transport block
is received in a plurality of downlink subframes, the user
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2

equipment transmits HARQ ACK/NACK for the transport
block in the uplink subframe associated with the plurality of
downlink subframes.

As a plurality of serving cells are introduced in the TDD
system, an information amount of HARQ ACK/NACK is
increased. Channel selection is one of methods for transmit-
ting the increased HARQ ACK/NACK with a limited trans-
mission bit. The channel selection is a method of allocating a
plurality of radio resources and transmitting a modulated
symbol by using any one of the plurality of radio resources. A
variety of HARQ ACK/NACK information can be repre-
sented according to a signal constellation of a modulated
symbol and a radio resource.

Accordingly, there is a need for a method of allocating a
resource to apply such a channel selection to a multiple carrier
system supporting a plurality of serving cells.

SUMMARY OF INVENTION
Technical Problem

The present invention provides a positive-acknowledge-
ment (ACK)/negative-acknowledgement (NACK) transmis-
sion method and apparatus in a time division duplex (TDD)-
based wireless communication system.

Technical Solution

According to an aspect of the present invention, a method
of transmitting positive-acknowledgement (ACK)/negative-
acknowledgement (NACK) in a time division duplex (TDD)-
based wireless communication system in which M (M>2)
downlink subframes are associated with an uplink subframe
in each of two serving cells is provided. The method includes:
receiving M downlink subframes associated with an uplink
subframe n in each of the two serving cells; determining four
candidate resources on the basis of the M downlink subframes
received in each of the two serving cells; and transmitting an
ACK/NACK response for the M downlink subframes
received in each of the two serving cells by using one resource
selected from the four candidate resources in the uplink sub-
frame n, wherein the two serving cells consist of'a first serving
cell and a second serving cell, and wherein among the four
candidate resources, a first resource and a second resource are
related to a physical downlink shared channel (PDSCH)
received in the first serving cell or a semi-persistent schedul-
ing (SPS) release PDCCH for releasing semi-persistent
scheduling, and a third resource and a fourth resources are
related to a PDSCH received in the second serving cell.

In the aforementioned aspect of the present invention, at
least one downlink subframe among the M downlink sub-
frames received in the first serving cell may include a PDCCH
for transmitting a downlink grant and a physical downlink
shared channel (PDSCH) corresponding to the PDCCH.

In addition, the downlink grant may include a downlink
assignment index (DAI) indicating an accumulative counter
value of the PDCCH which transmits a PDSCH allocated
thereto.

In addition, in the M downlink subframes received in the
first serving cell, if a PDSCH indicated by detecting a first
PDCCH of which a DAI value is 1 or a second PDCCH of
which a DAI value is 2 is received, or if a first SPS release
PDCCH of which a DAI value is 1 or a second SPS release
PDCCH of which a DAl value is 2 is received, among the four
candidate resources, the first resource may be determined
based on a first control channel element (CCE) used in trans-
mission of the first PDCCH or the first SPS release PDCCH,
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and the second resource may be determined based on a first
CCE used in the second PDCCH or the second SPS release
PDCCH.

In addition, if an SPS PDSCH not having a corresponding
PDCCH is received in the M downlink subframes received in
the first serving cell, the first resource among the four candi-
date resources may be one resource selected from four
resources configured by using a higher layer signal, and the
selected one resource may be indicated by an uplink transmit
power control field of a PDCCH indicating activation of
semi-persistent scheduling.

In addition, in the M downlink subframes received in the
first serving cell, if a PDSCH indicated by detecting a first
PDCCH of which a DAI value is 1 or receiving a first SPS
release PDCCH of which a DAI value is 1 is received, or if a
first SPS release PDCCH of which a DAI value is 1 is
received, the second resource among the four candidate
resources may be determined based on a first CCE used in
transmission of the first PDCCH or the first SPS release
PDCCH.

In addition, if a third PDCCH of which a DAI value is 1 and
a fourth PDCCH of which a DAI value is 2 is received in the
M downlink subframes received in the first serving cell, and if
a PDSCH indicated by detecting the third PDCCH or the
fourth PDCCH is received in the M downlink subframes
received in the second serving cell, among the four candidate
resources, a third resource may be determined based on a first
CCE used in transmission of the third PDCCH, and a fourth
resource may be determined based on a first CCE used in
transmission of the fourth PDCCH.

In addition, if at least one PDCCH is received in the M
downlink subframes received in the second serving cell and a
PDSCH indicated by detecting the at least one PDCCH is
received in the second serving cell, among the four candidate
resources, a third resource and a fourth resource may be
selected from four resources configured by using a higher
layer signal, and the selected resources may be indicated by
an uplink transmit power control field included in the at least
one PDCCH.

Advantageous Effects

The present invention provides a method of transmitting
reception acknowledgement in a time division duplex (TDD)
system supporting a plurality of serving cells. Therefore,
positive-acknowledgement (ACK)/negative-acknowledge-
ment (NACK) mismatch between a base station and a user
equipment can be decreased.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a downlink radio frame structure in 3’% gen-
eration partnership project (3GPP) long term evolution
(LTE).

FIG. 2 shows an example of an uplink subframe in 3GPP
LTE.

FIG. 3 shows a physical uplink control channel (PUCCH)
format 15 in a normal cyclic prefix (CP) in 3GPP LTE.

FIG. 4 shows an example of performing hybrid automatic
repeat request (HARQ).

FIG. 5 shows an example of multiple carriers.

FIG. 6 shows an example of cross-carrier scheduling in a
multiple carrier system.

FIG. 7 shows an example of semi-persistent scheduling
(SPS) in 3GPP LTE.

FIG. 8 shows an example of a method of using a bundled
positive-acknowledgement (ACK) counter.
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4

FIG. 9 shows an example of a method of using a consecu-
tive ACK counter.

FIG. 10 shows an ACK/negative-ACK (NACK) resource
allocation method in case of cross carrier scheduling.

FIG. 11 shows an example in which an ACK/NACK
resource allocation method is modified in case of cross carrier
scheduling.

FIG. 12 shows an example of an ACK/NACK resource
allocation method when there is SPS physical downlink
shared channel (PDSCH) transmission in case of cross carrier
scheduling.

FIG. 13 shows an example of resource allocation for chan-
nel selection when cross-carrier scheduling is configured.

FIG. 14 shows another example of resource allocation for
channel selection when cross carrier scheduling is config-
ured.

FIG. 15 shows an example of a resource allocation method
when non-cross carrier scheduling is configured.

FIG. 16 is a block diagram of a wireless apparatus for
implementing an embodiment of the present invention.

MODE FOR INVENTION

A user equipment (UE) may be fixed or mobile, and may be
referred to as another terminology, such as a mobile station
(MS), a mobile terminal (MT), a user terminal (UT), a sub-
scriber station (SS), a wireless device, a personal digital assis-
tant (PDA), a wireless modem, a handheld device, etc.

A base station (BS) is generally a fixed station that com-
municates with the UE and may be referred to as another
terminology, such as an evolved node-B (eNB), a base trans-
ceiver system (BTS), an access point, etc.

FIG. 1 shows a downlink radio frame structure in 3" gen-
eration partnership project (3GPP) long term evolution
(LTE). The section 4 of 3GPP TS 36.211 V8.7.0 (2009-05)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 8)” may be
incorporated herein by reference for time division duplex
(TDD).

A radio frame includes 10 subframes indexed with 0 to 9.
One subframe includes 2 consecutive slots. A time required
for transmitting one subframe is defined as a transmission
time interval (TTI). For example, one subframe may have a
length of 1 millisecond (ms), and one slot may have a length
of 0.5 ms.

One slot may include a plurality of orthogonal frequency
division multiplexing (OFDM) symbols in a time domain.
Since the 3GPP LTE uses orthogonal frequency division mul-
tiple access (OFDMA) in a downlink (DL), the OFDM sym-
bol is only for expressing one symbol period in the time
domain, and there is no limitation in a multiple access scheme
or terminologies. For example, the OFDM symbol may also
be referred to as another terminology such as a single carrier
frequency division multiple access (SC-FDMA) symbol, a
symbol period, etc.

Although it is described that one slot includes 7 OFDM
symbols for example, the number of OFDM symbols
included in one slot may vary depending on a length of a
cyclic prefix (CP). According to 3GPP TS 36.211 V8.7.0, in
case of a normal CP, one slot includes 7 OFDM symbols, and
in case of an extended CP, one slot includes 6 OFDM sym-
bols.

A resource block (RB) is a resource allocation unit, and
includes a plurality of subcarriers in one slot. For example, if
one slot includes 7 OFDM symbols in a time domain and the
RB includes 12 subcarriers in a frequency domain, one RB
can include 7x12 resource elements (REs).
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A subframe having an index #1 and an index #6 is called a
special subframe, and includes a downlink pilot time slot
(DwWPTS), a guard period (GP), and an uplink pilot time slot
(UpPTS). The DwPTS is used in the UE for initial cell search,
synchronization, or channel estimation. The UpPTS isused in
the BS for channel estimation and uplink transmission syn-
chronization of the UE. The GP is a period for removing
interference which occurs in an uplink due to a multi-path
delay of a downlink signal between the uplink and a down-
link.

In TDD, a downlink (DL) subframe and an uplink (UL)
subframe co-exist in one radio frame. Table 1 shows an
example of a configuration of the radio frame.

TABLE 1

UL-DL

config-  Switch-point Subframe index

uration periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D § U U D D S U U D
2 5 ms D § U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D § U D D D D D D D
6 5 ms D § U U U D S U U D

‘D’ denotes a DL subframe, ‘U’ denotes a UL subframe,
and ‘S’ denotes a special subframe. When the UL-DL con-
figuration is received from the BS, the UE can know whether
a specific subframe is the DL subframe or the UL subframe
according to the configuration of the radio frame.

A DL subframe is divided into a control region and a data
region in the time domain. The control region includes up to
three preceding OFDM symbols of a 1% slot in the subframe.
However, the number of OFDM symbols included in the
control region may vary. A physical downlink control channel
(PDCCH) is allocated to the control region, and a physical
downlink shared channel (PDSCH) is allocated to the data
region.

As disclosed in 3GPP TS 36.211 V8.7.0, the 3GPP LTE
classifies a physical channel into a data channel and a control
channel. Examples of the data channel include a physical
downlink shared channel (PDSCH) and a physical uplink
shared channel (PUSCH). Examples of the control channel
include a physical downlink control channel (PDCCH), a
physical control format indicator channel (PCFICH), a physi-
cal hybrid-ARQ indicator channel (PHICH), and a physical
uplink control channel (PUSCH).

The PCFICH transmitted in a 1°* OFDM symbol of the
subframe carries a control format indicator (CFI) regarding
the number of OFDM symbols (i.e., a size of the control
region) used for transmission of control channels in the sub-
frame. The UE first receives the CFI on the PCFICH, and
thereafter monitors the PDCCH. Unlike the PDCCH, the
PCFICH does not use blind decoding, and is transmitted by
using a fixed PCFICH resource of the subframe.

The PHICH carries a positive-acknowledgement (ACK)/
negative-acknowledgement (NACK) signal for an uplink
hybrid automatic repeat request (HARQ). The ACK/NACK
signal for UL data on a PUSCH transmitted by the UE is
transmitted on the PHICH.

A physical broadcast channel (PBCH) is transmitted in first
four OFDM symbols in a 2”4 slot of a 1* subframe of a radio
frame. The PBCH carries system information necessary for
communication between the UE and the BS. The system
information transmitted through the PBCH is referred to as a
master information block (MIB). In comparison thereto, sys-
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6

tem information transmitted on the PDSCH, indicated by the
PDCCH, is referred to as a system information block (SIB).

The PDCCH is transmitted on an aggregation of one or
several consecutive control channel elements (CCEs). The
CCE is a logical allocation unit used to provide the PDCCH
with a coding rate based on a state of a radio channel. The
CCE corresponds to a plurality of resource element groups
(REGS). A format of the PDCCH and the number of bits of the
available PDCCH are determined according to a correlation
between the number of CCEs and the coding rate provided by
the CCEs.

Control information transmitted through the PDCCH is
referred to as downlink control information (DCI). The DCI
may include resource allocation of the PDSCH (this is
referred to as a DL grant), resource allocation of a PUSCH
(this is referred to as a UL grant), a set of transmit power
control commands for individual UEs in any UE group, and/
or activation of a voice over Internet protocol (VoIP).

The 3GPP LTE uses blind decoding for PDCCH detection.
The blind decoding is a scheme in which a desired identifier
is de-masked from a cyclic redundancy check (CRC) of a
received PDCCH (referred to as a candidate PDCCH) to
determine whether the PDCCH is its own control channel by
performing CRC error checking.

The BS determines a PDCCH format according to DCI to
be transmitted to the UE, attaches a CRC to the DCI, and
masks a unique identifier (referred to as a radio network
temporary identifier (RNTI)) to the CRC according to an
owner or usage of the PDCCH.

FIG. 2 shows an example of a UL subframe in 3GPP LTE.

The UL subframe can be divided into a control region and
a data region in a frequency domain. The control region is a
region to which a physical uplink control channel (PUCCH)
carrying UL control information is assigned. The data region
is a region to which a physical uplink shared channel
(PUSCH) carrying user data is assigned.

The PUCCH is allocated in an RB pair in a subframe. RBs
belonging to the RB gair occupy different subcarriers in each
of a 1 slot and a 2”* slot. m is a location index indicating a
logical frequency-domain location of the RB pair allocated to
the PUCCH in the subframe. It shows that RBs having the
same value m occupy different subcarriers in the two slots.

According to 3GPP TS 36.211 V8.7.0, the PUCCH sup-
ports multiple formats. A PUCCH having a different number
of bits per subframe can be used according to a modulation
scheme which is dependent on the PUCCH format.

Table 2 below shows an example of a modulation scheme
and the number of bits per subframe according to the PUCCH
format.

TABLE 2

Number of bits

PUCCH format Modulation scheme per subframe
1 N/A N/A
la BPSK 1
1b QPSK 2
2 QPSK 20
2a QPSK + BPSK 21
2b QPSK + QPSK 22

The PUCCH format 1 is used for transmission of a sched-
uling request (SR). The PUCCH formats 1a/15 are used for
transmission of an ACK/NACK signal. The PUCCH format 2
is used for transmission of a CQI. The PUCCH formats 2a/2b
are used for simultaneous transmission of the CQI and the
ACK/NACK signal. When only the ACK/NACK signal is
transmitted in a subframe, the PUCCH formats 1a/1b are
used. When the SR is transmitted alone, the PUCCH format 1
isused. When the SR and the ACK/NACK are simultaneously
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transmitted, the PUCCH format 1 is used, and in this trans-
mission, the ACK/NACK signal is modulated by using a
resource allocated to the SR.

AllPUCCH formats use a cyclic shift (CS) ofa sequence in
each OFDM symbol. The cyclically shifted sequence is gen-
erated by cyclically shifting a base sequence by a specific CS
amount. The specific CS amount is indicated by a CS index.

Anexample ofa base sequencer,(n) is defined by Equation
1 below.

7 ()=l [Equation 1]

In Equation 1, u denotes a root index, and n denotes a
component index in the range of O=n=n-1, where N is a
length of the base sequence. b(n) is defined in the section 5.5
of 3GPP TS 36.211 V8.7.0.

A length of a sequence is equal to the number of elements
included in the sequence. u can be determined by a cell
identifier (ID), a slot number in a radio frame, etc. When it is
assumed that the base sequence is mapped to one RB in a
frequency domain, the length N of the base sequence is 12
since one RB includes 12 subcarriers. A different base
sequence is defined according to a different root index.

The base sequence r(n) can be cyclically shifted by Equa-
tion 2 below to generate a cyclically shifted sequence r(n, I.).

J2rlen [Equation 2]
rin, 1) = r(n)-exp(T),

O=<ls=N-1

In Equation 2, I denotes a CS index indicating a CS
amount (0= <N-1).

Hereinafter, the available CS of the base sequence denotes
a CSindex that can be derived from the base sequence accord-
ing to a CS interval. For example, if the base sequence has a
length of 12 and the CS interval is 1, the total number of
available CS indices of the base sequence is 12. Alternatively,
if the base sequence has a length of 12 and the CS interval is
2, the total number of available CS indices of the base
sequence is 6.

Now, transmission of an HARQ ACK/NACK signal in the
PUCCH format 15 will be described.

FIG. 3 shows a PUCCH format 15 in a normal CP in 3GPP
LTE.

One slot includes 7 OFDM symbols. Three OFDM sym-
bols are used as reference signal (RS) OFDM symbols for a
reference signal. Four OFDM symbols are used as data
OFDM symbols for an ACK/NACK signal.

In the PUCCH format 15, a modulation symbol d(0) is
generated by modulating a 2-bit ACK/NACK signal based on
quadrature phase shift keying (QPSK).

A CS index I, may vary depending on a slot number n_in
a radio frame and/or a symbol index 1 in a slot.

In the normal CP, there are four data OFDM symbols for
transmission of an ACK/NACK signal in one slot. It is
assumed that CS indices mapped to the respective data
OFDM symbols are denoted by I, I.;, I.», and ;.

The modulation symbol d(0) is spread to a cyclically
shifted sequence r(n,I ). When a one-dimensionally spread
sequence mapped to an (i+1)”* OFDM symbol in a subframe
is denoted by m(i), it can be expressed as follows.

{m(0), m(1), m(2), m(3)}={dO)r(nLps0), dO)rn.Ls1),
dO)r(n ), d0)r(nLz)}

In order to increase UE capacity, the one-dimensionally
spread sequence can be spread by using an orthogonal
sequence. An orthogonal sequence w,(k) (where i is a
sequence index, O<k<K-1) having a spreading factor K=4
uses the following sequence.
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TABLE 3
Index (i) [w(0), wi(1), wi{(2), w,(3)]
0 |+1, +1, +1, +1]
1 [+1,-1,+1,-1]
2 [+1,-1,-1,+1]

An orthogonal sequence w,(k) (where i is a sequence index,
0<k=K-1) having a spreading factor K=3 uses the following

sequence.
TABLE 4
Index (i) [w,(0), wi(1), w,(2)]
0 [+1, +1, +1]
1 [+1, 6/2":/3, e/'4'n:/3
5 [+1, &3, &273]

A different spreading factor can be used for each slot.

Therefore, when any orthogonal sequence index i is given,
a two-dimensionally spread sequences {s(0), s(1), s(2), s(3)}
can be expressed as follows.

{s00), 5(1), 5(2), s(3)}={wi(O)m(0), wD)m(1), w(2)m
(2), wi3)m(3)}

The two-dimensionally spread sequences {s(0), s(1), s(2),
s(3)} are subjected to inverse fast Fourier transform (IFFT)
and thereafter are transmitted in corresponding OFDM sym-
bols. Accordingly, an ACK/NACK signal is transmitted on a
PUCCH.

A reference signal for the PUCCH format 15 is also trans-
mitted by cyclically shifting the base sequence r(n) and then
by spreading it by the use of an orthogonal sequence. When
CS indices mapped to three RS OFDM symbols are denoted
by I, 1.5, and I__, three cyclically shifted sequences r(n,
I.54)s (0,1 .5), and r(n,I_ ) can be obtained. The three cycli-
cally shifted sequences are spread by the use of an orthogonal
sequence w*° (k) having a spreading factor K=3.

An orthogonal sequence index i, a CS index I, and a
resource block index m are parameters required to configure
the PUCCH, and are also resources used to identify the
PUCCH (or UE). If the number of available cyclic shifts is 12
and the number of available orthogonal sequence indices is 3,
PUCCHs for 36 UEs in total can be multiplexed with one
resource block.

In the 3GPP LTE, a resource index n') ., is defined in
order for the UE to obtain the three parameters for configuring
the PUCCH. The resource index n™,, s is defined to
NeestNY Ly ccmn Where 0. is an index of a first CCE used
for transmission of corresponding DCI (i.e., DL resource
allocation used to receive DL data mapped to an ACK/NACK
signal), and N, .., is a parameter reported by a BS to the
UE by using a higher-layer message.

Time, frequency, and code resources used for transmission
of the ACK/NACK signal are referred to as ACK/NACK
resources or PUCCH resources. As described above, an index
of the ACK/NACK resource required to transmit the ACK/
NACK signal on the PUCCH (referred to as an ACK/NACK
resource index or a PUCCH index) can be expressed with at
least any one of an orthogonal sequence index 1, a CS index
1. a resource block index m, and an index for obtaining the
three indices. The ACK/NACK resource may include at least
one of an orthogonal sequence, a cyclic shift, a resource
block, and a combination thereof.

FIG. 4 shows an example of performing HARQ.

By monitoring a PDCCH, a UE receives a DL grant includ-
ing a DL resource allocation on a PDCCH 501 in an n” DL
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subframe. The UE receives a DL transport block through a
PDSCH 502 indicated by the DL resource allocation.

The UE transmits an ACK/NACK response for the DL
transport block on a PUCCH 511 in an (n+4)” UL subframe.
The ACK/NACK response can be regarded as a reception
acknowledgement for the DL transport block.

The ACK/NACK signal corresponds to an ACK signal
when the DL transport block is successfully decoded, and
corresponds to a NACK signal when the DL transport block
fails in decoding. Upon receiving the NACK signal, a BS may
retransmit the DL transport block until the ACK signal is
received or until the number of retransmission attempts
reaches its maximum number.

In the 3GPP LTE, to configure a resource index of the
PUCCH 511, the UE uses a resource allocation of the
PDCCH 501. That is, a lowest CCE index (or an index of a
first CCE) used for transmission of the PDCCH 501 is n.p,
and the resource index is determined as n‘* e N cmt
N(l)PUCCH'

Now, ACK/NACK transmission for HARQ in 3GPP LTE
time division duplex (TDD) will be described.

A UL subframe and a DL subframe coexist in one radio
frame in the TDD, unlike in frequency division duplex
(FDD). In general, the number of UL subframes is less than
the number of DL subframes. Therefore, in preparation for a
case in which the UL subframes for transmitting an ACK/
NACK signal are insufficient, it is supported that a plurality of
ACK/NACK signals for a plurality of DL transport blocks are
transmitted in one UL subframe.

According to the section 10.1 of 3GPP TS 36.213 V8.7.0
(2009-05), two ACK/NACK modes, i.e., channel selection
and bundling, are introduced.

First, the bundling is an operation in which, if all of
PDSCHs (i.e., DL transport blocks) received by a UE are
successfully decoded, ACK is transmitted, and otherwise
NACK is transmitted. This is called an AND operation.

However, the bundling is not limited to the AND operation,
and may include various operations for compressing ACK/
NACK bits corresponding to a plurality of transport blocks
(or codewords). For example, the bundling may indicate a
counter value indicating the number of ACKs (or NACKSs) or
the number of consecutive ACKs.

Second, the channel selection is also called ACK/NACK
multiplexing. The UE transmits the ACK/NACK by selecting
one of a plurality of PUCCH resources.

Table 5 below shows a DL subframe n-k associated with a
UL subframe n depending on the UL-DL configuration in
3GPP LTE. Herein, keK, where M is the number of elements
ofaset K.
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from 3 DL subframes, the UE can acquire 3 PUCCH

(€3] [€D) D)
resources N py e 0o 0 prccms N prccr,»- An example
of channel selection is shown in Table 6 below.

TABLE 6

HARQ-ACK(0), HARQ-ACK(1),

HARQ-ACK(2) nDpyccr b(0), b(1)
ACK, ACK, ACK 1 Ppyccr, 2 1,1
ACK, ACK, NACK/DTX 1Ppeca L1
ACK, NACK/DTX, ACK 1Yoyec o 1,1
ACK, NACK/DTX, NACK/DTX 0D prcc o 0,1
NACK/DTX, ACK, ACK 1Ypecn, 2 1,0
NACK/DTX, ACK, NACK/DTX 1Ppeca 0,0
NACK/DTX, NACK/DTX, ACK 1Dppccr 2 0,0
DTX, DTX, NACK 1'Yrrecn, 2 0,1
DTX, NACK, NACK/DTX 1Ypyecn 1 1,0
NACK, NACK/DTX, NACK/DTX  n%ppccm o 1,0
DTX, DTX, DTX N/A N/A

HARQ-ACK(i) denotes ACK/NACK for an i” DL sub-
frame among the M DL subframes. Discontinuous transmis-
sion (DTX) implies that a DL transport block cannot be
received on a PDSCH in a corresponding DL subframe or a
corresponding PDCCH cannot be detected. In Table 6 above,
there are three PUCCH resources 0" prrccz700 1 prrccrrss
and n®V pucen,s> and b(0) and b(1) are 2 bits transmitted by
using a selected PUCCH.

For example, if the UE successfully receives three DL
transport blocks in three DL subframes, the UE transmits bits
(1, 1) through the PUCCH by using 0" c.c7-. If the UE
fails to decode the DL transport block and successfully
decodes the remaining transport blocks in a 1% (i=0) DL
subframe, the UE transmits bits (0, 1) through the PUCCH by
using n(l)PUCCH,z'

In channel selection, NACK and DTX are coupled if at
least one ACK exists. This is because a combination of a
reserved PUCCH resource and a QPSK symbol is not enough
to express all ACK/NACK states. However, if the ACK does
not exist, the DTX and the NACK are decoupled.

The conventional PUCCH format 15 can transmit only
2-bit ACK/NACK. However, channel selection is used to
express more ACK/NACK states by linking the allocated
PUCCH resources and an actual ACK/NACK signal.

Meanwhile, if it is assumed that M DL subframes are
associated with a UL subframe n, ACK/NACK may be mis-
matched between the BS and the UE due to missing of the DL,
subframe (or PDCCH).

Assume that M=3, and the BS transmits three DL transport
blocks through three DL subframes. The UE misses the

TABLE 5
UL-DL Subframe n

Configuration 0 1 2 3 4 5 6 7 8 9
0 — — 6 — 4 — — 6 — 4
1 — — 7,6 4 — — — 7,6 4 —
2 — — 8,7,4,6 — — — — 8,7, — —

4,6
3 — — 7,6,11 6,5 54 — — — —
4 — — 12,8,7,11 6,5, — _ = — — —
7
5 — — 13,12,9,8,7, — _ = — — —
5,4,11,6
6 — — 7 7 5 — — 7 7 —
65

Assume that M DL subframes are associated with a UL
subframe n, where M=3. Since 3 PDCCHs can be received

PDCCH in the 2" DL subframe and thus cannot receive a 2"¢
transport block at all, and can receive only the remaining 1*
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and 3" transport blocks. In this case, if bundling is used, the
UE erroneously transmits ACK.

In order to solve this error, a downlink assignment index
(DAI) is included in a DL grant on the PDCCH. The DAI
indicates an accumulative counter value of the PDCCH which
is related to a transmission of a PDSCH. A value of the 2-bit
DAl is sequentially increased from 1, and a modulo-4 opera-
tion is applicable again from DAI=4. If M=5 and all of 5 DL,
subframes are scheduled, the DAI can be included in a cor-
responding PDCCH in the order of DAI=1, 2, 3, 4, 1.

Now, a multiple-carrier system will be described.

A 3GPP LTE system supports a case in which a DL band-
width and a UL bandwidth are differently configured under
the premise that one component carrier (CC) is used. The
3GPP LTE system supports up to 20 MHz, and the UL band-
width and the DL bandwidth may be different from each
other. However, only one CC is supported in each of UL and
DL cases.

Spectrum aggregation (also referred to as bandwidth
aggregation or carrier aggregation) supports a plurality of
CCs. For example, if 5 CCs are assigned as a granularity of a
carrier unit having a bandwidth of 20 MHz, a bandwidth of up
to 100 MHz can be supported.

One DL CC or a pair of a UL CC and a DL, CC can be
mapped to one cell. Therefore, when a UE communicates
with a BS through a plurality of DL CCs, it can be said that the
UE receives a service from a plurality of serving cells.

FIG. 5 shows an example of multiple carriers.

Although three DL CCs and three UL CCs are shown
herein, the number of DL CCs and the number of UL CCs are
not limited thereto. A PDCCH and a PDSCH are indepen-
dently transmitted in each DL, CC. A PUCCH and a PUSCH
are independently transmitted in each UL CC. Since three DL
CC-UL CC pairs are defined, it can be said that a UE receives
a service from three serving cells.

The UE can monitor the PDCCH in a plurality of DL CCs,
and can receive a DL transport block simultaneously via the
plurality of DL CCs. The UE can transmit a plurality of UL
transport blocks simultaneously via a plurality of UL CCs.

It is assumed that a pair of a DL CC #1 and a UL CC #1 is
a 1¥serving cell, a pair of a DL CC #2 and a UL CC #2 is a 2"¢
serving cell, and a DL CC #3 is a3’ serving cell. Each serving
cell can be identified by using a cell index (CI). The CI may be
cell-specific or UE-specific. Herein, CI=0, 1, 2 are assigned to
the 15" to 3" serving cells for example.

The serving cell can be classified into a primary cell and a
secondary cell. The primary cell operates at a primary fre-
quency, and is a cell designated as the primary cell when the
UE performs an initial network entry process or starts a net-
work re-entry process or performs a handover process. The
primary cell is also called a reference cell. The secondary cell
operates at a secondary frequency. The secondary cell can be
configured after an RRC connection is established, and can be
used to provide an additional radio resource. At least one
primary cell is configured always. The secondary cell can be
added/modified/released by using higher-layer signaling
(e.g., RRC messages).

The CI of the primary cell may be fixed. For example, a
lowest CI can be designated as a CI of the primary cell. It is
assumed hereinafter that the CI of the primary cell is O and a
Cl ofthe secondary cell is allocated sequentially starting from
1.

The multiple carrier system can support non-cross carrier
scheduling and cross carrier scheduling.

The non-cross carrier scheduling is a scheduling method in
which a PDSCH and a PDCCH for scheduling the PDSCH are
transmitted via the same DL CC. In addition, a DL CC in
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which a PDCCH for scheduling a PUSCH and a UL CC in
which the PUSCH is transmitted are basically linked CCs in
this scheduling method.

The cross-carrier scheduling is a scheduling method
capable of performing resource allocation of a PDSCH trans-
mitted by using a different carrier through a PDCCH trans-
mitted via a specific CC. In addition, the cross-carrier sched-
uling is a scheduling method capable of performing resource
allocation of a PUSCH transmitted via another CC other than
a CC basically linked to the specific CC. That is, the PDCCH
and the PDSCH can be transmitted through different DL CCs,
and the PUSCH can be transmitted via a UL CC other than a
UL CC linked to a DL CC on which a PDCCH including a UL
grant is transmitted. In a system supporting the cross-carrier
scheduling, a carrier indicator is required to report a specific
DL CC/UL CC used to transmit the PDSCH/PUSCH for
which the PDCCH provides control information. A field
including the carrier indicator is hereinafter called a carrier
indication field (CIF).

In cross-carrier scheduling, a BS can determine a PDCCH
monitoring DI, CC set. The PDCCH monitoring DL CC set
consists of some DL, CCs among all aggregated DL CCs.
When the cross-carrier scheduling is configured, a UE per-
forms PDCCH monitoring/decoding only for a DL CC
included in the PDCCH monitoring DI CC set. The PDCCH
monitoring DL CC set can be determined in a UE-specific,
UE group-specific, or cell-specific manner.

FIG. 6 shows an example of cross-carrier scheduling in a
multiple carrier system.

Referring to FIG. 6, 3 DL CCs (i.e., DL. CC A, DL CC B,
DL CC C) are aggregated, and the DL CC A is determined as
the PDCCH monitoring DL, CC. The UE can receive a DL,
grant for a PDSCH of'the DL CC A, the DL. CC B, and the DL,
CC C through the PDCCH. A CIF may be included in DCI
transmitted through the PDCCH of the DL CC A to indicate a
specific DL CC for which the DCI is provided.

Now, semi-persistent scheduling (SPS) will be described.

In general, a UE first receives a DL grant on a PDCCH, and
subsequently receives a transport block through a PDSCH
indicated by the DL grant. This implies that PDCCH moni-
toring is accompanied in every transport block, which is
called dynamic scheduling.

The SPS pre-defines a PDSCH resource, and the UE
receives a transport block through the pre-defined resource
without PDCCH monitoring.

FIG. 7 shows an example of SPS in 3GPP LTE. Although
DL SPS is shown herein, the same is also applicable to UL
SPS.

First, a BS sends an SPS configuration to a UE by using
radio resource control (RRC). The SPS configuration
includes an SPS-C-RNTI and an SPS period. It is assumed
herein that the SPS period is four subframes.

Even if the SPS is configured, the SPS is not immediately
performed. The UE monitors a PDCCH 501 in which a CRC
is masked with the SPS-C-RNTI, and performs the SPS after
the SPS is activated. When NDI=0 is included in DCI on the
PDCCH 501, combinations of values of several fields (e.g., a
transmit power command (TPC), a cyclic shift (CS) of a
demodulation reference signal (DMSR), a modulation and
coding scheme (MCS), aredundancy version (RV),an HARQ
process number, and a resource allocation) included in the
DCI are used in SPS activation and deactivation.

When the SPS is activated, even if a DL grant on the
PDCCH is not received, the UE receives a transport block on
aPDSCH at an SPS period. The PDSCH received without the
PDCCH is called an SPS PDSCH. The PDCCH for deacti-
vating the SPS is called an SPS release PDCCH.
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Thereafter, the UE monitors a PDCCH 502 in which a CRC
is masked with the SPS-C-RNTI, and confirms deactivation
of the SPS.

According to 3GPP LTE, the PDCCH indicating the acti-
vation of the SPS does not require an ACK/NACK response,
but the SPS release PDCCH indicating the deactivation of the
SPS requires the ACK/NACK response. Hereinafter, a DL
transport block may include the SPS release PDCCH.

According to the conventional PUCCH formats 1a/1b, a
resource index n" .. is acquired from the PDCCH. How-
ever, according to the SPS, the PDCCH associated with the
PDSCH is not received, and thus a pre-assigned resource
index is used.

Now, ACK/NACK transmission in a TDD system accord-
ing to the present invention will be described.

An ACK/NACK state for HARQ indicates one of the fol-
lowing three states.

ACK: a decoding success of a transport block received on

a PDSCH.

NACK: a decoding failure of the transport block received
on the PDSCH.

DTX: a failure in the reception of the transport block on the
PDSCH. In case of dynamic scheduling, a failure in the
reception of a PDCCH.

As shown in Table 5, the M DL subframes are associated
with the UL subframe n according to the UL-DL configura-
tion. In addition, in the multiple carrier system, M DL sub-
frames in each ofa plurality of DL CCs can be associated with
a UL subframe n of one UL CC. In this case, the number of
bits that can be transmitted in a UL subframe n in which
ACK/NACK is transmitted may be less than the number of
bits for expressing all ACK/NACK states for a plurality of DL,
subframes. Therefore, in order to express the ACK/NACK by
using a smaller number of bits, an ACK/NACK multiplexing
method can be considered as follows.

(1) Bundled ACK counter: A UE can deliver an ACK
counter value to a BS only when data received in each DL. CC
is transmitted without DTX and is all confirmed as ACK. That
is, the UE delivers the ACK counter value as ‘0’ when even
one piece of received data is confirmed as NACK or DTX. By
using a received DAI value, the UE can know a counter value
of a PDSCH (excluding an SPS PDSCH) for which ACK/
NACK is transmitted.

FIG. 8 shows an example of a method of using a bundled
ACK counter.

Referring to FIG. 8, a DL. CC #1 and a DL CC #2 are
assigned to a UE. In the DL CC #1, if data is received in DL
subframes #0, 2, and 3 and is all confirmed as ACK, the UE
transmits information indicating that an ACK counter value is
3. On the other hand, in the DL CC #2, data is received in DL
subframes #0, 1, and 3 and data received in the DL subframe
#3 is confirmed as NACK. Therefore, the UE transmits infor-
mation indicating that the ACK counter value is 0.

(2) Consecutive ACK counter: The UE can deliver an accu-
mulative ACK counter value for subframes which are trans-
mitted without DTX and which are consecutively confirmed
as ACK, starting from a first subframe in M subframes of each
DL CC.

FIG. 9 shows an example of a method of using a consecu-
tive ACK counter.

Referring to FIG. 9, a DL. CC #1 and a DL CC #2 are
assigned to a UE. The UE receives data in DL subframes #0,
2, and 3 of the DL. CC #1, and three pieces of data are
confirmed as data transmitted without DTX and is consecu-
tively confirmed as ACK. In this case, the UE transmits an
accumulative ACK counter value, i.e., 3, as a value indicating
the ACK counter value.
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On the other hand, data is received in DL subframes #0, 1,
and 2 of the DL CC #2, and data received in the DL subframes
#0 and 1 is successfully decoded and thus is confirmed as
ACK, whereas data received in the DL subframe #3 is con-
firmed as NACK. In this case, since two pieces of data are
consecutively confirmed as ACK, the accumulative ACK
counter value, i.e., 2, is transmitted as an ACK counter value.
Hereinafter, it is assumed in the present invention that a
consecutive ACK counter is used. That is, a transmission
method in which TDD HARQ-ACK is multiplexed by using
a'TDD system, two serving cells, a consecutive ACK counter,
and a PUCCH format 15 using channel selection is exempli-
fied herein. However, the present invention is not limited
thereto. That is, the present invention can be generally applied
when channel selection is used in a TDD system which aggre-
gates two serving cells.

In order to effectively deliver per-DL. CC ACK counter
value information, a channel selection method can be used.
For the channel selection, a per-DL. CC ACK counter value
can be mapped to a state of Table 7 below. The state includes
2-bit information.

TABLE 7

State

ACK counter value (B0, B1) or (B2, B3)

N,NorD,D
AN
N, A
A A
AN
N, A
A A
AN
N, A
A A

O X1 W= O

For example, assume that a DL CC #1 and a DL CC#2 are
assigned to a UE, and M DL subframes linked to one UL
subframe are 3 in number (i.e., M=3). In this case, if three
consecutive ACKs are generated in the DL CC #1 and two
consecutive ACKs are generated in the DL CC #2, the UE
maps an ACK counter value (BO, B1) for the DL CC#1to a
state {A, A}, and an ACK counter value (B1, B2) for the DL,
CC #2 is mapped to a state {N, A}.

Tables 8 and 9 below show a channel selection scheme used
to deliver ACK counter value information.

TABLE 8
BO B1 B2 B3 Channel constellation
D N/D N/D N/D NO TRANS-  NO TRANS-
MISSION MISSION
N N/D N/D N/D HO 1
A N/D N/D N/D HO -1
N/D A N/D N/D H1 -j
A A N/D N/D H1 j
N/D N/D A N/D H2 1
A N/D A N/D H2 j
N/D A A N/D H2 -j
A A A N/D H2 -1
N/D N/D N/D A H3 1
A N/D N/D A HO -j
N/D A N/D A H3 j
A A N/D A HO j
N/D N/D A A H3 -j
A N/D A A H3 -1
N/D A A A H1 1
A A A A H1 -1
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TABLE 9 TABLE 11-continued
BO B1 B2 B3 Channel constellation Constel-
Primary Cell Secondary Cell Resource lation
D D N/D N/D NO TRANS-  NO TRANS-
MISSION MISSION 5 DIX NACK/DTX
N N N/D N/D HO 1 ACK, ACK, ACK, ACK, ACK, ACK, Npyeca, 3 1,1
N D N/D N/D HO 1 ACK NACK/DTX
D N N/D N/D HO 1 NACK/DTX, any, ACK, ACK, ACK, Nppec, 3P 0,1
A N/D N/D N/D HO + any, any NACK/DTX
N/D A N/D N/D HO - (ACK, NACK/DTX,  ACK,ACK, ACK, Npyece, 3 0,1
A A N/D N/D HO -1 10 any, any), NACK/DTX
N/D N/D A N/D H3 +j except for (ACK,
A N/D A N/D H2 1 DTX, DTX, DTX)
N/D A A N/D H1 1 ACK, ACK, ACK, ACK, ACK, Npyeca, o 1,0
A A A N/D H1 + NACK/DTX NACK/DTX, any
N/D N/D N/D A H3 1 ACK, ACK, ACK, ACK, Nppec, 3P 1,0
A N/D N/D A H2 + 15 NACK/DTX, any NACK/DTX, any
N/D A N/D A H3 - ACK, DTX, DTX, ACK, ACK, Npyeca, o 0,1
A A N/D A H2 -1 DTX NACK/DTX, any
N/D N/D A A H3 -1 ACK, ACK, ACK, ACK, ACK, Nppec, o 0,1
A N/D A A H2 - ACK NACK/DTX, any
N/D A A A H1 - NACK/DTX, any, ACK, ACK, Npyece, 3 0,0
A A A A H1 -1 any, any NACK/DTX, any
20 (ACK,NACK/DTX, ACK, ACK, npyecr 3 0,0
any, any), NACK/DTX, any
In Tables 8 and 9, HO, H1, H2, and H3 denote a PUCCH except for (ACK,
resource n* sccz for channel selection. That is, HO denotes DTX, DTX, DTX) "
) D ACK, ACK, ACK, ACK, DTX, DTX, Npuccs, 2 1,1
0" ppecme  Hl o denotes n*ppeer;, H2  denotes NACK/DTX DTX
n® pUCCH and H3 denotes n‘* pUCCH 3 (the same is applied 25 ACK, ACK, ACK, ACK, ACK, ACK, npoccr oV 1,1
hereinafter). In addition, in signal constellation, 1 indicates NACK/DTX ACK ,
‘00, -1 indicates ‘11°, j indicates ‘10’, and —j indicates ‘01°. ACK, ACK, ACK, DTX, DTX, npyecr 2 0.1
. . NACK/DTX, any DTX
When HO to H3 and signal constellation are expressed as ACK, ACK, ACK, ACK, ACK, npvecr 0.1
described above, Table 8 above can be expressed as shown in NACK/DTX, any ACK ’
Table 10 and Table 11 below. Table 10 shows a case of M=3, 30 ACK,DTX,DTX, ACK, DTX, DTX, pgecr, 2t 1,0
and Table 11 shows a case of M=4. DTX DTX W
ACK, DTX, DTX, ACK, ACK, ACK, Npuccs, 2 1,0
DTX ACK
TABLE 10 ACK, ACK, ACK, ACK, DTX, DTX, Npycc, 2 1,0
ACK DTX
signal 35 ACK, ACK, ACK, ACK, ACK, ACK, Npyece, 2 1,0
primary cell secondary cell resource constellation ACK ACK
NACK/DTX, any, ACK, DTX, DTX, Nppecw 2 0,0
HARQ-ACK(0), HARQ-ACK(0), 1Ppyec b(0), b(1) any, any DTX ’
HARQ-ACK(1), HARQ-ACK(1), NACK/DTX, any, ACK, ACK, ACK, Nppcc, 2 0,0
HARQ-ACK(2) HARQ-ACK(2) any, any ACK
AAA A AA nDpyeca 1 1,1 (ACK, NACK/DTX, ACK, DTX, DTX, — 0,0
A, A, ND AAA P — 0,0 40 any, any), DTX
A, N/D, any AAA H(I)PUCCH, 3 1,1 except for (ACK,
N/D, any, any AAA pycc, 3 0,1 DTX, DTX, DTX)
AAA A, A, ND Y pycca, o 1,0 (ACK, NACK/DTX,  ACK,ACK, ACK, Nppec, 2 0,0
A, A, N/D A, A, N/D 1Dpyccs 3 1,0 any, any), ACK
A, N/D, any A, A, ND 0 “pucceH, 0 0,1 except for (ACK,
N/D, any, any A, A, N/D 'V pycc, 3 0,0 45 DTX, DTX, DTX)
AAA A, N/D, any 0 pycc, 2 1,1 ACK, ACK, ACK, NACK/DTX, any, Nppccm 1P 1,0
A,A,ND A, N/D, any N pyccH, 2 0,1 NACK/DTX any, any
A, N/D, any A, N/D, any " puccn, 2 1,0 ACK, ACK, ACK, (ACK,NACK/DTX,  nppecm, 1V 1,0
N/D, any, any A, N/D, any 1““pycca, 2 0,0 NACK/DTX any, any),
AAA N/D, any, any 0 “pucceH, 1 1,0 except for (ACK,
A, A, ND N/D, any, any 1Pppeca 1 0,1 50 DTX, DTX, DTX)
A, N/D, any N/D, any, any 1 Ppyecr, o 1,1 ACK, ACK, NACK/DTX, any, P— 0,1
N/D, any, any N/D, any, any n“pycc, o 0,0 NACK/DTX, any any, any
DTX, any, any N/D, any, any no transmission ACK, ACK, (ACK,NACK/DTX,  nppeca 0,1
NACK/DTX, any any, any),
except for (ACK,
55 DTX, DTX, DTX)
TABLE 11 ACK, DTX, DTX, NACK/DTX, any, Npyeca, o 1,1
DTX any, any
Constel- ACK, DTX, DTX, (ACK, NACK/DTX,  npyecu, o 1,1
Primary Cell Secondary Cell Resource lation DTX any, any),
except for (ACK,
HARQ-ACK(0), HARQ-ACK(0), pyeceH™? b(0), b(1) DTX, DTX, DTX)
HARQ-ACK(1), HARQ-ACK(1), 60 ACK, ACK, ACK, NACK/DTX, any, pyecr, o L1
HARQ-ACK(2), HARQ-ACK(2), ACK any, any
HARQ-ACK(3) HARQ-ACK(3) ACK, ACK, ACK, (ACK,NACK/DTX,  INppecm, o 1,1
ACK, ACK, ACK, ACK, ACK, ACK, Nppeca, 1P 1,1 ACK any, any),
NACK/DTX NACK/DTX except for (ACK,
ACK, ACK, ACK, ACK, ACK, ppecw 1 0,0 DTX, DTX, DTX)
NACK/DTX, any NACK/DTX ’ 65 NACK, any, any, NACK/DTX, any, Npyeca, o 0,0

ACK, DTX, DTX,

ACK, ACK, ACK,

NpyecH, 3

(L

L1

any

any, any
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TABLE 11-continued

Constel-

Primary Cell Secondary Cell Resource lation
NACK, any, any, (ACK, NACK/DTX,  npyecs, o 0,0
any any, any),

except for (ACK,

DTX, DTX, DTX)
(ACK, NACK/DTX,  NACK/DTX, any, Npyecn, o 0,0
any, any), any, any
except for (ACK,
DTX, DTX, DTX)
(ACK, NACK/DTX,  (ACK,NACK/DTX,  npyccy, o 0,0
any, any), any, any),
except for (ACK, except for (ACK,
DTX, DTX, DTX) DTX, DTX, DTX)
DTX, any, any, NACK/DTX, any, No Transmission
any any, any
DTX, any, any, (ACK, NACK/DTX, No Transmission
any any, any),

except for (ACK,

DTX, DTX, DTX)

In Tables 10 and 11 above, first and second cells respec-
tively indicate primary and secondary cells. HARQ-ACK())
denotes ACK/NACK corresponding to a PDSCH scheduled
by a PDCCH of which a DAI value is j+1, or denotes ACK/
NACK corresponding to a PDCCH which requests an ACK/
NACK response, for example, an SPS release PDCCH indi-
cating a release of semi-persistent scheduling (herein, j is
0<j=<M-1). However, if the SPS PDSCH exists, HARQ-ACK
(0) denotes ACK/NACK for an SPS PDSCH, and HARQ-
ACK(§>0) denotes ACK/NACK corresponding to a PDSCH
scheduled by a PDCCH of which a DAI value is j.

Hereinafter, it is described a method of allocating
resources to transmit ACK/NACK by multiplexing the ACK/
NACK with a PUCCH format 15 using the aforementioned
channel selection. It is assumed hereinafter that a TDD mode
is used, M is greater than 2, and two serving cells are config-
ured. As described above, M is the number of DL subframes
corresponding to one UL subframe in each DL CC. In this
case, for the channel selection, ACK/NACK information is
transmitted by selecting any one of 4 resources n PUCCH O
0V 1 s e 0 ppccer o and n™ ooy 5 Inthis case, which
method will be used to allocate the two resources is a matter
to be considered.

[Resource Allocation Method in Channel Selection when
Configuring Cross-carrier Scheduling]

1. When There is No SPS PDSCH Transmission.

When cross-carrier scheduling is configured, a UE receives
a PDCCH for scheduling a PDSCH and an SPS release
PDCCH only in a primary cell. If there is no SPS PDSCH
transmission in the primary cell or if there is no subframe
configured to receive the SPS PDSCH, a resource used in
channel selection can be allocated dynamically.

That is, two dynamic resources linked to two PDCCHs
having the smallest DAI values among PDCCHs for sched-
uling the primary cell and two dynamic resources linked to
two PDCCH having the smallest DAI values among PDCCHs
for scheduling a secondary cell can be allocated for channel
selection. Herein, the PDCCH for scheduling the primary cell
include not only a normal PDCCH for scheduling a PDSCH
but also any PDCCH (e.g., an SPS release PDCCH) for
requiring an ACK/NACK response. Although the normal
PDCCH for scheduling the PDSCH and the SPS release
PDCCH will be exemplified in the description of the present
invention hereinafter, the present invention is not limited
thereto, and thus any PDCCH for requesting an ACK/NACK
response can also be included.
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For example, if the UE detects a PDCCH of which a DAI
value is 1 or 2 in a subframe n-k,, of the primary cell and
receives a PDSCH indicated by the PDCCH in the primary
cell, or if the UE detects an SPS release PDCCH of which a
DAI value is 1 or 2 in the subframe n-k,, of the primary cell,
a PUCCH resource n rrccs, for transmitting ACK/NACK
can be allocated as shown in equation 3 below. Herein, k, €K,
and a DAI value of a PDCCH at k,,, is 1 or 2. K is described

above with reference to Table 5.

n(l)PUCCH,i:(M_m_l)XNc+mXNc+l+nCCE,m+
! [Equation 3]

Herein, ¢ is selected from {0,1,2,3} to satisfy
N=nccp <N, N® ., ccsris avalue determined by using a
higher layer signal. N may be max{0, floor [N?Z 5 x(N®Z_
c-4)/36]}. NP~ . is the number of RBs based on a configured
DL bandwidth, and N®Z__ is a size of a resource block indi-
cated with the number of subcarriers in the frequency domain.
Deeg,, 18 a first CCE number used in transmission of a cor-
responding PDCCH at a subframe n-k,,,.

In Equation 3, n'" puccr s that is, =0, denotes a PUCCH
resource dynamically determined in association with a
PDCCH (i.e., a PDCCH for scheduling a primary cell) of
which a DAI value is 1, and n" puccr,» thatis, i=1, denotes
a PUCCH resource dynamically determined in association
with a PDCCH (i.e., a PDCCH for scheduling a primary cell)
of which a DAI value is 2.

If the UE detects a PDCCH of which a DAI valueis 1 or 2
in the subframe n-k,, of the primary cell and receives a
PDSCH indicated by the PDCCH in the secondary cell, a
PUCCH resource is allocated according to Equation 3 above.
In this case, the PDCCH is a PDCCH for scheduling a
PDSCH transmitted in the secondary cell. That is,
n® prccrs» thatis, =2, denotes a PUCCH resource dynami-
cally determined in association with a PDCCH (ie., a
PDCCH for scheduling a secondary cell) of which a DAI
value is 1, and n® pucens> that is, =3, denotes a PUCCH
resource dynamically determined in association with a
PDCCH (i.e., a PDCCH for scheduling a secondary cell) of
which a DAI value is 2.

FIG. 10 shows an ACK/NACK resource allocation method
in case of the aforementioned cross carrier scheduling.

Referring to FIG. 10, since a PDCCH of which a DAT is 1
is received in a DL subframe #0 of a primary cell, HO (i.e.,
n® rucco) linked to the PDCCH is allocated. In addition,
since a PDCCH of which a DAI is 2 is received in a DL
subframe #2, H1 (i.e., 0" 1,0 p7,) linked to the PDCCH is
allocated. In addition, if DAI values of PDCCHs for sched-
uling a PDSCH of DL subframes #0 and #1 of the secondary
cell correspond to 1 and 2 in that order, H2 (i.e., n(l)PUCCH,z)
and H3 (ie, n® puccns) linked to the corresponding
PDCCHs are allocated.

FIG. 11 shows an example in which an ACK/NACK
resource allocation method is modified in case of the afore-
mentioned cross carrier scheduling.

FIG. 11 differs from FIG. 10 in that a UE fails to receive a
PDCCH with DAI=2 among PDCCHs for scheduling a pri-
mary cell. In this case, the UE allocates only a resource HO
linked to a PDCCH with DAI=1 and resources H2 and H3
linked to PDCCHs with DAI=1 and DAI=2 among PDCCHs
for scheduling a secondary cell. There is no problem even if
the UE does not allocate a resource H1 linked to the PDCCH
with DAI=2 (for scheduling the primary cell). This is
because, as shown in Table 8 above, the resource 1(H1) is
used when ACK is transmitted for a PDSCH schedule by the
PDCCH with DAI=2. However, the UE fails to receive the
PDCCH with DAI=2, and thus there is no case where ACK is

PUCCH
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transmitted for the PDSCH scheduled by the PDCCH with
DAI=2. Eventually, it is not a problem even if PUCCH
resource allocation recognition is mismatched between the
BS and the UE.

2. When There is SPS PDSCH Transmission

Ifan SPS PDSCH is included in DL subframes of a primary
cell, a resource for channel selection can be allocated as
follows.

The SPS PDSCH does not have a PDCCH for scheduling.
Thus, a resource for channel selection is reserved through a
higher layer signal, and the reserved resource can be allocated
to HO (i.e., n(l)PUCCH,O). For example, four resources (i.e., a
first PUCCH resource, a second PUCCH resource, a third
PUCCH resource, and a fourth PUCCH resource) can be
reserved by using an RRC signal, and one resource can be
indicated by using a transmission power control (TPC) field
of'a PDCCH for activating SPS scheduling.

Table 12 below shows an example of indicating a resource
for channel selection according to the TPC field value.

TABLE 12

TPC field value Resource for channel selection

‘00’ 15 PUCCH resource

‘01 2"¢ PUCCH resource
‘10’ 3¢ PUCCH resource
‘11’ 47 PUCCH resource

A resource linked to a PDCCH (including an SPS release
PDCCH) of which a DAl is 1 in a primary cell is allocated to
Hl(G.e., n(l)PUCCH,l). Dynamic resources linked to PDCCHs
with DAI=1 and DAI=2 among PDCCHs for scheduling a
secondary cell are respectively H2 (i.e., n puccr.2) and H3
(ie., n(l)PUCCHﬁ). In this case, Equation 3 above can be used.

FIG. 12 shows an example of an ACK/NACK resource
allocation method when there is SPS PDSCH transmission in
case of cross carrier scheduling. It is assumed in FIG. 12 that
channel selection is performed according to Table 8 above.

Referring to FIG. 12, a UE allocates a reserved resource to
HO by using a higher layer signal when an SPS PDSCH is
received in a DL subframe #3 of a primary cell. A resource
linked to a PDCCH with DAI=I in the primary cell is allo-
cated to H1. A resource linked to a PDCCH with DAI=1
among PDCCHs for scheduling a secondary cell is allocated
to H2. A resource linked to a PDCCH with DAI=2 is allocated
to H3.

In case of using channel selection based on Table 9, the
resource H3 can be modified in such a manner that dynamic
signaling of a PDCCH is selected after securing the resource
in advance by using a higher layer signal.

Ifthe UE fails to receive PDCCHs with DAI=1 and DAI=2,
since corresponding resources are not used in mapping
according to the characteristics described in Table 8 to Table
10, the corresponding resources may be left unused while
using only the remaining resources in the channel selection.

For ACK/NACK detection, a BS can detect ACK/NACK in
a channel selection manner by searching for only PUCCH
format 1a/1b resources allocated with SPS and resources
linked to PDCCHs with DAI=1 and 2 among PDCCHs trans-
mitted from the BS. According to this method, mismatch of
PUCCH resources can be avoided.

[Resource Allocation Method in Channel Selection when
Non-cross Carrier Scheduling is Configured]

When non-cross carrier scheduling is configured, a
PDCCH (or an SPS release PDCCH) for scheduling a
PDSCH transmitted in a primary cell is transmitted in the
primary cell, and a PDCCH for scheduling a PDSCH trans-
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mitted in a secondary cell is transmitted in the secondary cell.
In this case, four resources for channel selection are allocated
by using the following method.

First, if there is no SPS PDSCH transmission in the primary
cell, two resources linked to PDCCHs with DAI value 1 and
2 among PDCCHs (including an SPS release PDCCH) for
scheduling a PDSCH transmitted in the primary cell are allo-
cated to HO and H1. In this case, Equation 3 can be used.

If an SPS PDSCH is included in DL subframes of the
primary cell, a resource for channel selection can be reserved
through a higher layer signal, and the reserved resource can be
allocated to HO (ie., n™¥ puccmo)- For example, four
resources (i.e., a first PUCCH resource, a second PUCCH
resource, a third PUCCH resource, and a fourth PUCCH
resource) can be reserved by using an RRC signal, and one
resource can be indicated by using a transmission power
control (TPC) field of a PDCCH for activating SPS schedul-
ing. In addition, a resource linked to a PDCCH (including an
SPS release PDCCH) of which a DAl is 1 in a primary cell is
allocated to H1 (i.e., n(l)PUCCH,l).

Regarding the remaining two resources H2 and H3, a plu-
rality of resources are reserved by using a higher layer signal
and thereafter two resources are selected from the plurality of
resources. In this case, the two resources can be selected from
the plurality of resources by dedicatedly using a TPC field
included in a PDCCH for scheduling the secondary cell as an
ACK/NACK resource indicator (ARI).

For example, an RRC signal can be used to reserve four
resource pairs (i.e., 8 resources in total) and thereafter any one
resource pair can be indicated among the four resource pairs
according to a bit value of a 2-bit TPC field.

In this case, all PDCCHs for scheduling the secondary cell
may have the same value in the TPC field in M corresponding
DL subframes of the secondary cell, and the UE can assume
that the all PDCCHs have the same value in the TPC field.

Alternatively, among the PDCCHs for scheduling the sec-
ondary cell, only a TPC field of a PDCCH with DAI-1 can be
used dedicatedly for an ARI, and a TPC field of a PDCCH of
which a DAl value is greater than 1 can be used for its original
usage, i.e., for transmit power control. If the UE fails to
receive the PDCCH with DAI=1, the UE transmits ‘0’ as an
ACK counter value. Referring to Table 8 above, ACK/NACK
of which an ACK counter value of a secondary cell is O uses
only HO and H1, and thus allocation of resources such as H2
and H3 are not necessary.

For another example, the RRC signal can be used to reserve
8 resources and thereafter two resources can be indicated by
using two 2-bit TPC fields. Among PDCCHs for scheduling a
secondary cell, a TPC field of a PDCCH with DAI=1 and a
TPC field of a PDCCH with DAI=2 can be used. Among the
PDCCHs for scheduling the secondary cell, a TPC field is
used for its original usage with respect to a PDCCH of which
a DAI value is greater than or equal to 2. According to this
method, since each TPC field indicates one of the four
resources, two resources H2 and H3 can be indicated inde-
pendently by using two TPC fields. Therefore, resource uti-
lization of the BS can be increased.

Hereinafter, a case in which ACK/NACK for two DL sub-
frames is transmitted in one UL subframe in each DL CC of
a multiple carrier system, that is, a case of M=2, will be
described.

For example, it is assumed that a UE aggregates two DL
CCs and a DL subframe (SF):UL SF=2:1 is satisfied (i.e., two
DL SFs are linked to one UL SF). If both of the two DL CCs
are not set to a MIMO mode, 4-bit ACK/NCK can be trans-
mitted by using 4-bit channel selection without having to
perform bundling.
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If any one of two DL CCs is set to the MIMO mode, 4-bit
ACK/NACK which is bundled using spatial bundling can be
transmitted through channel selection. Herein, the spatial
bundling implies that an AND operation is performed on
ACK/NACK for a plurality of transmission blocks (or code-
words) received in the same subframe.

The UE can aggregate two DL CCs, and in case of DL
SF:UL SF=2:1, can transmit ACK/NACK by using channel
selection. A resource allocation method for channel selection
in this case will be described. This resource allocation method
is amethod of preventing a problem occurring in ACK/NACK
transmission when the number of DL CCs recognized by the
BS differs from the number of DL, CCs recognized by the UE
or when a ratio of DL SF:UL SF is recognized differently
between the BS and the UE.

Mapping used for transmission of 2-bit ACK/NACK is as
shown in Table 13 below.

TABLE 13
BO B1 Channel constellation
D N/D NO TRANSMISSION NO TRANSMISSION
N N/D HO 1
A N/D HO -1
N/D A H1 -j
A A H1 j

Method A. When Cross-carrier Scheduling is Configured.

FIG. 13 shows an example of resource allocation for chan-
nel selection when cross-carrier scheduling is configured.

When the cross-carrier scheduling is configured, PDCCHs
for scheduling a primary cell and PDCCHs for scheduling a
secondary cell are all transmitted through the primary cell.
Among the PDCCHs for scheduling the primary cell, a
resource linked to a first PDCCH (e.g., included in a DL, SF
#0) is allocated to HO, a resource linked to a second PDCCH
(e.g., included in a DL SF #1) is allocated to H1. Among the
PDCCHs for scheduling the secondary cell, a resource linked
to a first PDCCH (e.g., a DL SF #0) is allocated to H2, and a
resource linked to a second PDCCH (e.g., a DL SF #1) is
allocated to H3. If the UE fails to receive a PDCCH for
scheduling a specific CC in a specific subframe, a correspond-
ing resource is not used in channel selection, and the corre-
sponding resource may be left unused and channel selection
is performed by using only the remaining secured resources.

By allocating resources in this manner, ACK/NACK can be
transmitted in an error-free manner even if the number of
assigned DL CCs is recognized differently between the BS
and the UE. That is, an error does not occur even if the UE
performs channel selection by using Table 8 and the BS
misunderstands that the UE performs the channel selection by
using Table 13. This is because a resource, a signal constel-
lation, etc., of Table 13 are the same as those of a case where
ACK/NACK of the secondary cell is all N/D (i.e., a state
indicating that an ACK counter value of the secondary cell is
0) in Table 8.

FIG. 14 shows another example of resource allocation for
channel selection when cross carrier scheduling is config-
ured.

Among PDCCHs for scheduling a primary cell, a resource
linked to a first PDCCH (e.g., included in a DL SF #0) is
allocated to HO, and a resource linked to a second PDCCH
(e.g., included in a DL SF #1) is allocated not to H1 but to H2.
Among PDCCHs for scheduling a secondary cell, a resource
linked to a first PDCCH (e.g., included in a DL SF #0) is
allocated not to H2 but to H1, and a resource liked to a second
PDCCH (e.g., included in a DL SF #1) is allocated to H3. If a
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UE fails to receive a PDCCH for scheduling a specific CC in
a specific subframe, a corresponding resource is not used in
channel selection, and the corresponding resource may be left
unused and channel selection is performed by using only the
remaining secured resources. By allocating resources in this
manner, ACK/NACK can be transmitted in an error-free man-
ner even if a value M, i.e., the number of DL subframes
mapped to one UL subframe, determined between a BS and
the UE is incorrectly recognized. For example, an error does
not occur even if the UE recognizes a ratio of DL, SF:UL SF
as 2:1 and thus uses Table 8 as a channel selection table,
whereas the BS recognizes the ratio of DL SF:UL SF as 1:1
and thus uses Table 13 as the channel selection table.

Method B. When Non-cross Carrier Scheduling is Config-
ured.

FIG. 15 shows an example of a resource allocation method
when non-cross carrier scheduling is configured.

If a PDCCH for scheduling a primary cell exists in a DL,
subframe #0, a dynamic resource linked to the PDCCH is
allocated to HO. If a PDCCH for scheduling the primary cell
exists in a DL subframe #1, a dynamic resource H1 linked to
the PDCCH is allocated to H1.

In addition, a dynamic resource linked to a PDCCH for
scheduling a secondary cell is not used in channel selection.
Instead, resources for the channel selection are selected in
such a manner that resources for the secondary cell are
reserved in advance by using a higher layer signal and a TPC
included in a PDCCH for scheduling the secondary cell is
dedicatedly used as an ARI.

In this case, two resources can be selected by dedicatedly
using a TPC field included in the PDCCH for scheduling the
secondary cell as an ARI. For example, an RRC signal can be
used to reserve four resource pairs (i.e., 8 resources in total)
and thereafter any one resource pair can be indicated among
the four resource pairs according to a bit value of a 2-bit TPC
field. In this case, among the PDCCHs for scheduling the
secondary cell, only a TPC field of a PDCCH with DAI=1 can
be used dedicatedly for an ARI, and a TPC field of a PDCCH
of which a DAI value is greater than 1 can be used for its
original usage, i.e., for transmit power control.

For another example, the RRC signal can be used to reserve
8 resources and thereafter two resources can be indicated by
using two 2-bit TPC fields. Among PDCCHs for scheduling a
secondary cell, a TPC field of a PDCCH with DAI=1 and a
TPC field of a PDCCH with DAI=2 can be used. Among the
PDCCHs for scheduling the secondary cell, a TPC field is
used for its original usage with respect to a PDCCH of which
a DAI value is greater than or equal to 2. According to this
method, since each TPC field indicates one of the four
resources, two resources H2 and H3 can be indicated inde-
pendently by using two TPC fields. Therefore, resource uti-
lization of the BS can be increased.

FIG. 16 is a block diagram of a wireless apparatus for
implementing an embodiment of the present invention.

A UE 20 includes a memory 22, a processor 21, and a radio
frequency (RF) unit 23. The memory 22 coupled to the pro-
cessor 21 stores a variety of information for driving the pro-
cessor 21. The RF unit 23 coupled to the processor 21 trans-
mits and/or receives a radio signal. The processor 21
implements the proposed functions, procedure, and/or meth-
ods. In the aforementioned embodiments, an operation of the
UE can be implemented by the processor 21. The processor
21 receives M DL subframes associated with a UL subframe
n in each of two serving cells, and determines four candidate
resources on the basis of the M DL subframes received in each
of'the two serving cells. Further, the processor 21 transmits an
ACK/NACK response for the M DL subframes received in
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each of the two serving cells by using one resource selected
from the four candidate resources in the UL subframe n. In
this case, the two serving cells consist of a first serving cell
and a second serving cell, and among the four candidate
resources, a first resource and a second resource are related to
aphysical downlink shared channel (PDSCH) received in the
first serving cell or a semi-persistent scheduling (SPS) release
PDCCH for releasing semi-persistent scheduling, and a third
resource and a fourth resources are related to a PDSCH
received in the second serving cell.

Further, the processor 21 configures ACK/NACK, and
transmits the ACK/NACK through a PUSCH or a PUCCH.

The processor may include an application-specific inte-
grated circuit (ASIC), a separate chipset, a logic circuit, and/
or a data processing unit. The memory may include a read-
only memory (ROM), a random access memory (RAM), a
flash memory, a memory card, a storage medium, and/or other
equivalent storage devices. The RF unit may include a base-
band circuit for processing a radio signal. When the embodi-
ment of the present invention is implemented in software, the
aforementioned methods can be implemented with a module
(i.e., process, function, etc.) for performing the aforemen-
tioned functions. The module may be stored in the memory
and may be performed by the processor. The memory may be
located inside or outside the processor, and may be coupled to
the processor by using various well-known means.

Although the aforementioned exemplary system has been
described on the basis of a flowchart in which steps or blocks
are listed in sequence, the steps of the present invention are
not limited to a certain order. Therefore, a certain step may be
performed in a different step or in a different order or con-
currently with respect to that described above. Further, it will
beunderstood by those ordinary skilled in the art that the steps
of the flowcharts are not exclusive. Rather, another step may
be included therein or one or more steps may be deleted
within the scope of the present invention.

The invention claimed is:

1. A method of transmitting positive-acknowledgement
(ACK)/negative-acknowledgement (NACK) by a user equip-
ment (UE) in a time division duplex (TDD)-based wireless
communication system, the method comprising:

receiving, by the UE from a base station (BS), M downlink

subframes in each of a primary serving cell and a sec-
ondary serving cell, where M is an integer greater than
two, and the M downlink subframes are associated with
an uplink subframe n; and

transmitting, by the UE to the BS in the uplink subframe n,

an ACK/NACK response for the received M downlink
subframes by using one resource selected from four
candidate resources based on the received M downlink
subframes,

wherein, among the four candidate resources,

afirst resource and a second resource are associated with
a physical downlink shared channel (PDSCH)
received in the primary serving cell or a semi-persis-
tent scheduling release physical downlink control
channel (SPS release PDCCH) for releasing semi-
persistent scheduling received in the primary serving
cell, and

a third resource and a fourth resource are associated with
a PDSCH received in the secondary serving cell.

2. The method of claim 1, wherein at least one downlink
subframe among the M downlink subframes received in the
primary serving cell comprises:

a physical downlink control channel (PDCCH) in which a

downlink grant is transmitted by the BS, and
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the PDSCH received in the primary serving cell corre-

sponding to the PDCCH.

3. The method of claim 2, wherein the downlink grant
includes a downlink assignment index (DAI) indicating a
cumulative number of PDCCHs with an assigned PDSCH
transmission.

4. The method of claim 3, wherein, in the M downlink
subframes received in the primary serving cell:

if a PDSCH indicated by a first PDCCH with a DAI value

equal to 1 is received, then the first resource is deter-
mined based on a first control channel element (CCE)
used in transmission of the first PDCCH, or
ifa first SPS release PDCCH with a DAI value equal to 1 is
received, then the first resource is determined based on a
first CCE used in transmission of the first SPS release
PDCCH, or

if a PDSCH indicated by a second PDCCH with a DAI
value equal to 2 is received, then the second resource is
determined based on a first CCE used in transmission of
the second PDCCH, or

if a second SPS release PDCCH with a DAI value equal to

2 is received, then the second resource is determined
based on a first CCE used in transmission of the second
SPS release PDCCH.

5. The method of claim 3, wherein, in the M downlink
subframes received in the primary serving cell:

if an SPS PDSCH, which is a PDSCH having no corre-

sponding PDCCH, is received,

then the first resource among the four candidate resources

has one value determined from four values that are con-
figured by using a higher layer signal, and the deter-
mined one value is indicated by an uplink transmit
power control field in a PDCCH indicating activation of
semi-persistent scheduling.

6. The method of claim 5, wherein, in the M downlink
subframes received in the primary serving cell:

if a PDSCH indicated by detecting a first PDCCH with a

DAI value equal to 1 is received, then the second
resource is determined based on a first CCE used in
transmission of the first PDCCH or

ifa first SPS release PDCCH with a DAI value equal to 1 is

received, then the second resource is determined based
on a first CCE used in transmission of the first SPS
release PDCCH.

7. The method of claim 3, wherein

ifa PDSCH, indicated by a third PDCCH with a DAI value

equal to 1 received in the M downlink subframes in the
primary serving cell, is received in the M downlink
subframes in the secondary serving cell, then the third
resource is determined based on a first CCE used in
transmission of the third PDCCH, or

if a PDSCH, indicated by a fourth PDCCH with a DAI

value equal to 2 received in the M downlink subframes in
the primary serving cell, is received in the M downlink
subframes in the secondary serving cell, then the fourth
resource is determined based on a first CCE used in
transmission of the fourth PDCCH.

8. The method of claim 3, wherein

if

at least one PDCCH is received in the M downlink
subframes received in the secondary serving cell, and

a PDSCH indicated by the at least one PDCCH is
received in the secondary serving cell:

then

the third resource and the fourth resource are have values
determined by a higher layer signal, and
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the third and fourth resources are indicated by an uplink
transmission power control (TPC) field included in
the at least one PDCCH.

9. A user equipment (UE) configured to transmit positive-
acknowledgement (ACK)/negative-acknowledgement
(NACK) in a time division duplex (TDD)-based wireless
communication system, the UE comprising:

a radio frequency (RF) unit; and

a processor operatively connected to the RF unit and con-

figured to:

receive, from a base station (BS), M downlink sub-
frames in each of a primary serving cell and a second-
ary serving cell, where M is an integer greater than
two, and the M downlink subframes are associated
with an uplink subframe n; and

transmit, to the BS in the uplink subframe n, an ACK/

NACK response for the received M downlink sub-

frames by using one resource selected from four can-

didate resources based on the received M downlink
subframes,
wherein, among the four candidate resources,

a first resource and a second resource are associated
with a physical downlink shared channel (PDSCH)
received in the primary serving cell or a semi-per-
sistent scheduling release physical downlink con-
trol channel (SPS release PDCCH) for releasing
semi-persistent scheduling received in the primary
serving cell, and

a third resource and a fourth resource are associated
with a PDSCH received in the secondary serving
cell.

10. The UE of claim 9, wherein at least one downlink
subframe among the M downlink subframes received in the
primary serving cell comprises:

a physical downlink control channel (PDCCH) in which a

downlink grant is transmitted by the BS, and

the PDSCH received in the primary serving cell corre-

sponding to the PDCCH.

11. The UE of claim 10, wherein the downlink grant
includes a downlink assignment index (DAI) indicating a
cumulative number of PDCCHs with an assigned PDSCH
transmission.

12. The UE of claim 11, wherein, in the M downlink
subframes received in the primary serving cell:

if a PDSCH indicated by a first PDCCH with a DAI value

equal to 1 is received, then the first resource is deter-
mined based on a first control channel element (CCE)
used in transmission of the first PDCCH, or

if a first SPS release PDCCH with a DAI value equal to 1 is

received, then the first resource is determined based on a
first CCE used in transmission of the first SPS release
PDCCH, or

5

—_
<

20

25

30

35

40

45

26

if a PDSCH indicated by a second PDCCH with a DAI
value equal to 2 is received, then the second resource is
determined based on a first CCE used in transmission of
the second PDCCH, or
if a second SPS release PDCCH with a DAI value equal to
2 is received, then the second resource is determined
based on a first CCE used in transmission of the second
SPS release PDCCH.
13. The UE of claim 11, wherein, in the M downlink
subframes received in the primary serving cell:
if an SPS PDSCH, which is a PDSCH having no corre-
sponding PDCCH, is received,
then the first resource among the four candidate resources
has one value determined from four values that are con-
figured by using a higher layer signal, and the deter-
mined one value is indicated by an uplink transmit
power control field in a PDCCH indicating activation of
semi-persistent scheduling.
14. The UE of claim 13, wherein, in the M downlink
subframes received in the primary serving cell:
if a PDSCH indicated by detecting a first PDCCH with a
DAI value equal to 1 is received, then the second
resource is determined based on a first CCE used in
transmission of the first PDCCH or
ifa first SPS release PDCCH with a DAI value equal to 1 is
received, then the second resource is determined based
on a first CCE used in transmission of the first SPS
release PDCCH.
15. The UE of claim 11, wherein
ifa PDSCH, indicated by a third PDCCH with a DAI value
equal to 1 received in the M downlink subframes in the
primary serving cell, is received in the M downlink
subframes in the secondary serving cell, then the third
resource is determined based on a first CCE used in
transmission of the third PDCCH, or
if a PDSCH, indicated by a fourth PDCCH with a DAI
value equal to 2 received in the M downlink subframes in
the primary serving cell, is received in the M downlink
subframes in the secondary serving cell, then the fourth
resource is determined based on a first CCE used in
transmission of the fourth PDCCH.
16. The UE of claim 11, wherein
if
at least one PDCCH is received in the M downlink
subframes received in the secondary serving cell, and
a PDSCH indicated by the at least one PDCCH is
received in the secondary serving cell:
then
the third resource and the fourth resource are have values
determined by a higher layer signal, and
the third and fourth resources are indicated by an uplink
transmission power control (TPC) field included in
the at least one PDCCH.
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